Wheat flour proteins interact in the presence of water by forming gluten which provides the unique dough viscoelastic properties needed for bread-making [1] . However, its properties are influenced by various factors observed both during plant growth and grain processing [2, 3] .
Gluten proteins are particularly important for bread-making quality and consist of two major fractions: the monomeric gliadins and the polymeric glutenins [4] . Gliadins are responsible for dough extensibility and viscosity while glutenins are responsible for strength and dough elasticity [5] . Gluten quality of wheat is affected by genotype, environment and their interaction. Many factors can produce environmental modification of the gluten quality, including fertilizer levels [6, 7] and precipitation during the grain filling period [8] . N fertilization increases the total quantity of flour proteins, resulting in an increase in both gliadins and glutenins [9] [10] [11] .
Gliadins increase preferentially over glutenins as N accumulation in the grain increases [12] . Consequently, the ratio of gliadin to glutenin proteins was positively correlated with the grain N content, even when both gliadins and glutenins increased. Those variations may lead to a decrease in gluten strength and mixing properties [13] . Other authors [14, 15] have reported that the relative amount of gliadins and glutenins was not affected by the increase in N fertilization. The inconsistency in responses could be a consequence of genotypic differences and variation in the allocation of N to protein subunits.
The glutenins are divided into two groups: high molecular weight (HMW-GS, 80-120 kD) and low molecular weight glutenin subunits (LMW-GS, 30-50 kD). The HMW-GS, encoded by Glu-A1, Glu-B1 and Glu--D1 loci from the long arm of chromosome 1, were found to be major protein components the properties of which are highly responsible for variations in the wheat quality. In the case of the Glu-D1 locus, good quality is specifically associated with a pair of subunits 5 + 10, unlike 2 + 12 [16] [17] [18] . Subunit Glu D1 5 + 10 was associated with higher dough strength in genotypes as compared to those with subunit Glu-D1 2 + 12 [19] . Genotypes of similar protein quality and the composition responded similarly to the N treatments [20] .
One of the issues relating to the above problem is the research on the effects of an increasing nitrogen fertilization of wheat plants on the wet gluten strength. It is known that higher N-fertilization causes a higher gluten content. However, it is unknown whether gluten strength changes as well and, especially, to what extent the genetic background of cultivars is involved in the change.
During the washing out [21] , the gluten absorbs and stores different quantities of water which can also affect its strength. However, the moisture content did not depend on the level of N-fertilization [19] . Physical properties of wet gluten can also be examined by high temperature which is an essential factor inseparably associated with bread baking [22] . Although sensory tests [23] are irreplaceable in the understanding of the rheological properties of a product, they are increasingly being substituted with modern instruments providing more objective results. One of these instruments is UTM "Instron ModeI 4301", which is used for measuring rheological characteristics such as hardness, cohesiveness, adhesiveness, compressive stress, force decay parameter and apparent biaxial extensional viscosity [24] . Determination of gluten strength by this instrument was not usual in estimation of wheat qaulity characteristics.
The aim of the present study was to investigate the effect of different rates of nitrogen fertilization and glutenin composition at the Glu-D1 locus on wheat cultivars gluten characteristics. The present paper discusses the possibility of instrumental measurement of the wet gluten strength and compares these (objective) results with those obtained by (subjective) sensory testing.
EXPERIMENTAL
The material comprised eight cultivars chosen from a wheat collection. Seven of these originated from Serbia and one, Libellula, from Italy. Four cultivars, NSR-2, Lasta, Libellula and Drina contain HMW-GS 2+12, while the cultivars Jugoslavija, Sremica, Somborka and Pobeda contain HMW-GS 5+10.
The Quality parameters were measured in three replicates. Quality analyses such as wet gluten content, extensibility and adhesiveness of gluten were done using two methods [21, 23] . Wet gluten contents (WG) were rated as follows: below 21.0% -low (1) The instrumental determination of the wet gluten strength (WGS), which was obtained by applying the Standard method [21] after a period of rest [23] , was performed on the Instron Model 4301, a universal testing machine [25] . The operating conditions were as follows: wet gluten sample weight -1.5 g; working temperature, 18-20 °C; compression force, 0.25 kN; speed, 100 mm/min.
All quantitative results were processed in the computer program Statistika 7 (StatSoft, Inc. Corporation, Tulsa, OK, USA). Before applying the analysis of variance, the appropriate data transformations and adequate variance analysis models were applied. Mean comparisons were done on the basis of LSD values. Correlation coefficients among the studied traits were calculated in the same statistical program.
RESULTS AND DISCUSSION
The main effect of the applied N treatments was a significant increase of the wet gluten content in all cultivars. The wet gluten content at different N rates ranged between 14.3 and 32.0% (Table 2) . Statistically significant (P<0.05) differences in the wet gluten con-tent were found between the N rates of 0, 90 and 180 kg N ha -1 in the group of cultivars with HMW-GS 2+12 and the N rates of 0, 90 and 150 kg N ha -1 in the group of cultivars with HMW-GS 5+10. Significantly lower the wet gluten content was produced only by the cultivar Lasta relative to Sremica at 90, 150 and 180 kg N ha -1 . The highest average wet gluten content was found in the cultivar Sremica (27.7%) while the lowest WG content was in cv. Lasta (19.3%).
The cultivars with HMW-GS 2+12 had a lower average wet gluten content (23.6%) than the cultivars with HMW-GS 5+10 (25.7%) but the difference was not significant. The wet gluten content was found to vary significantly (P<0.05) due to a cultivar, a fertilizer rate and the interaction fertilizer rate x cultivar ( Table 2 ).
All cultivars exhibited the same reaction to the increased N-rate, i.e. they increased their wet gluten content ( Table 2) . Pepo et al. [26] have arrived at the same conclusion in their 18-year trial with dominant Hungarian cultivars. The cultivar Lasta had the lowest wet gluten contents at all levels of N fertilization, while most of the other cultivars showed no significant differences (Table 2) . Changes in the wet gluten strength expressed by the rheological properties of the cultivars are presented in Table 3 . All the cultivars had the highest level of wet gluten at 180 kg N ha -1 , but some of the cultivars achieved the same level at 150 kg N ha -1 (NSR-2, Lasta, Sremica, Somborka and Pobeda). Wet gluten of cv. Libellula could be described as very weak. Immediately after washing, the gluten becomes compact, sticky and viscous. In the cultivar Drina, mineral nutrition had more effect on rheological properties than on the wet gluten content. Even at 60 kg N ha -1 , wet gluten became medium strong, sufficiently elastic, moderately extensible and adhesive. The cultivar NSR-2 had the most favorable rheological properties at 150 and 180 kg N ha -1 . Already at 90 kg N ha -1 , the medium strong gluten that had moderate extensibility was formed. At the N-rates below 150 kg ha -1 , wet gluten of the cultivar Lasta changed a little. Adding 150 and 180 kg N ha -1 increased the level of wet gluten (2), which became firmer (medium strong).
The cultivar Sremica from the group with genetically strong gluten (HMW-GS 5+10) had better rheological properties of gluten at lower N-rates (Table 3) . With increased N-rates (above 90 kg ha -1 ), the gluten became weaker and attained greater extensibility and adhesiveness, meaning that its quality was reduced.
Abad et al. [27] also suggest that even using high quality wheat varieties, the quality can still be increased by nitrogen fertilization, even at low nitrogen rates. Gluten of the cultivar Somborka became progressively firmer and more elastic with the increase of the N-rate above 90 kg N ha -1 . Wet gluten rheological properties of the cultivar Jugoslavija were distinctive. Right after washing, with all N-rates, the gluten was adhesive and weak. When more than 120 kg N ha -1 was used, the gluten became medium strong. The cultivar Jugoslavija is quite specific, since it takes up more nitrogen from the soil than from N-fertilizers. Because of that, it needs higher amounts of N for achieving the maximum wet gluten content than for the maximum protein content [6] . The cultivar Pobeda was the only one that achieved the highest level of wet gluten (4) at 120 kg N ha -1 . Up to 120 kg N ha -1 , the gluten had little extensibility and was less adhesive (medium strong). At 150 and 180 kg N ha -1 , it turned less extensible and adhesive and became elastic (strong). The different properties of the gluten samples indicate that the gluten proteins differed in quality [19, 28, 29] .
The sensory analysis of the gluten extensibility and adhesiveness showed that the cultivars reacted highly specifically, regardless of the HMW-GS content. Unlike the total wet gluten content, the cultivar Libellula showed no reaction to different N rates, i.e., it had weak and adhesive gluten at all levels of N fertilization. This Italian cultivar is known for its poor bread making quality [6] . In the case of Sremica, the only cultivar from the group of excellent quality cultivars, the increased N rate tended to reduce the gluten quality ( Table 3) .
The same pattern has been reported by Johansson et al. [10, 11] for Swedish cultivars. In our investigation, all cultivars tended to increase the gluten content as the N-rate increased, i.e., the gluten became stronger and less adhesive (Table 3) . It is of interest to mention that the cultivars Lasta and Pobeda had strong and non-adhesive gluten with all N-rates. Changes in wet gluten strength (WGS) expressed by the compression of the studied cultivars in relation to N-fertilization were influenced mainly by the cultivar (Table 4 (Table 4 ). Libelulla had extremely low WGS at 90% gluten compression in all N treatments with the average value of 0.003 kN, while the cultivar Pobeda had the highest average value (0.024 kN). Sensory and instrumentally determined gluten strength of these extreme cultivars was comparable at different N-rates as well as on the average. The WGS was found to vary significantly (P<0.05) due to the cultivar, the fertilizer rate and the interaction fertilizer rate x cultivar.
The cultivar Sremica has strong gluten with good bread-baking qualities. It had higher gluten strength at 0 and 60 kg N ha -1 (0.007 kN) compared with the other N-rates. Gluten of the cultivars with HMW-GS 2+12, Drina, NSR-2 and Lasta (0.012, 0.01 and 0.01 kN, respectively) as well as Somborka (0.01 kN) and Pobeda (0.041 kN) with HMW-GS 5+10 had the highest strength at 150 kg N ha -1 . With the cultivar Jugoslavija, the situation was reverse, as greater WGS was observed at lower N-rates (below 150 kg N ha -1 ). Three cultivars differing in the gluten quality, Libellula, Sremica and Jugoslavija, had relatively small WGS values at the highest N-rates of 150 and 180 kg ha -1 . Correlations (including rang correlations) between studied quality parameters and applied N doses are presented in Table 5 . Increasing N-rates had a Wheat cultivars (HMW-GS 2+12) Libellula Drina NSR-2 Lasta
Wheat cultivars (HMW-GS 5+10) Sremica Somborka Jugoslavija Pobeda
highly significant effect on the wet gluten content of both HMW-GS cultivar groups. N treatments had a significant effect (r 1 = 0.817) on the gluten strength only in the cultivars with HMW-GS 5+10. The significant correlations (r 2 = 0.811) between the gluten strength and the content found in the cultivars with HMW-GS 5+10 are an indication of greater N utilization efficiency for the quality improvement. The lack of significance in rang correlations (r 3 ), on the other hand, indicates that increased N-rates did not have the same effect on the gluten content and gluten strength, suggesting that the two traits are controlled by different genetic mechanisms regardless of the HMW-GS composition. It is also known that the total amount of HMW-GS is more important than HMW-GS composition in determining the flour quality. Thus, the accumulation of HMW-GS in grain could be a very important aspect of the wheat quality development [19] . Table 5 . Correlation coefficients between studied wheat quality characteristics and the increasing N-rates (r 1 -correlation coefficients between the increasing N-rates and quality characteristics; r 2 -correlation coefficients between quality characterristics; r 3 -spearmans coefficients of rang correlation) This means that wet gluten rheological properties could not be distinguished between the groups of cultivars containing HMW-GS 5+10 and 2+12. The nature of the cultivar-by-fertilizer interaction for the gluten strength suggested that the conventional strength cultivars would benefit more from the nitrogen fertilizer than the cultivars with extra-strong gluten, which showed no change or slight decreases in the gluten strength with the nitrogen fertilizer, despite the increase in total gluten [11, 27] . The incongruity of the mutually variable relations during the wet gluten compression and dough making, fermentation and baking can be explained after studying the links between the reserve proteins glutenin HMW and gliadin and bread volume [30] .
CONCLUSION
The increasing of N-rates significantly increased the wet gluten content of the wheat grain. The differences in the wet gluten strength and content between cultivars with HMW-GS 2+12 and those with HMW-GS 5+10 were not significant. The increasing of N-rates reduced the wet gluten quality as assessed by the sensory and instrumental methods in the highest quality cultivar Sremica with HMW-GS 5+10 and the poorest quality cultivar Libellula with HMW-GS 2+12.
Sensory and instrumental methods used in this study for gluten strength determination are not absolutely equivalent. However, they are in good agreement when analyzing cultivars with extremely different gluten quality and strength as in the case of the cultivars Libellula (HMW-GS 2+12), Sremica and Pobeda (HMW--GS 5+10). Wet gluten physical properties tested by the sensory method depended on the cultivar, which is the most important factor in determining the wheat quality. A genotype selection for high strength seems to be the best strategy for avoiding an undesirable worsening of the gluten quality
The increase of N-fertilizer rate was significantly positively correlated with the wet gluten content and strength in the cultivars with HMW-GS 5+10.
Most of the tested cultivars achieved a high gluten level with 120 kg N ha -1 . It appears that further increases in N rate are not cost-effective in commercial production from the aspect of bread making quality. This should be taken into account especially for the cv. Pobeda, which is one of the widely grown cultivars in Serbia.
